














MULSIM/NL THEORETICAL AND PROGRAMMER'S MANUAL 

By R. Karl Zipf, ~ r . '  

ABSTRACT 

MULSIM/NL (multiple scams, nonlinear) is a three-dimensional boundary-element method (BEM) 
program developed at the U.S. Bureau of Mines for stress and displacement analysis of coal mines and 
thin metalliferous veins. It can analyze one to four parallel seams that can have any orientation with 
respect to the Earth's surface. Three main new features distinguish MULSIM/NL from its predcces- 
sors: (1) nonlinear material models, (2) multiple mining steps, and (3) energy release and strain energy 
computations. MULSIM/NL has six material models for the in-seam material: (1) linear elastic for 
coal, (2) strain softening, (3) elastic plastic, (4) bilinear hardcning, (5) strain hardening, and (6) linear 
elastic for gob. Detailed checks show that numerical stress and displacement calculations compare well 
to known analytic solutions for simple problems. The total energy release calculated by MULSIM/NL 
is comprised of three basic terms: (1) strain energy release from the mined-out material, (2) linear 
kinetic energyrelease due to change in gravitational potential over the mined-out area, and (3) nonlinear 
kinetic energy release due to nonlinear materials in the total backfill and gob area. The strain energy 
release term is modified to account for nonlinear stress-strain behavior in the unmined materials. 
Comparisons of these numerical energy release rate calculations with known analytic solutions show 
excellent agreement. 
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